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Objective: To determine which subregions of the knee joint have a high prevalence of pre-radiographic
osteoarthritic changes, i.e., cartilage damage and osteophytes that can only be detected by magnetic
resonance imaging (MRI), in radiographically normal knees.
Methods: Institutional Review Board approval and written informed consent from all participants was
obtained. Data was collected from a community cohort in Framingham, MA, involving people aged 50
e79. Participants underwent weight-bearing posteroanterior and lateral knee radiography with the
ﬁxed-ﬂexion protocol, and 1.5 T MRI. Knees without radiographic osteoarthritis (Kellgren Lawrence
grade 0 for the tibiofemoral joint and absence of any osteophytes or joint space narrowing in the
patellofemoral joint) were included. The knee joint was divided into 14 subregions for cartilage and 16
subregions for osteophytes, and prevalence and severity of cartilage damage (grade 0e6) and osteo-
phytes (grade 0e7) were semiquantitatively assessed using the Whole Organ Magnetic Resonance
Imaging Score (WORMS).
Results: The mean age of 696 participants was 62.3  8.4 years, and the mean body mass index was
27.9  5.1 kg/m2. Women comprised 55.2% of the study sample (384/696). Prevalence of cartilage
damage (grade 2) was 47.7% (332/696) in the medial patellar and 29.9% (208/696) in patellar lateral (PL)
subregions, and 24.0% (167/696) in femoral medial anterior (FMA) and 26.5% (184/696) in femoral medial
central (FMC) subregions. Prevalence of osteophytes (grade 2) was highest at 60.8% (423/696) in the
medial femoral posterior subregion, followed by 34.0% (237/696) in PL and 24.6% (171/696) in patellar
medial (PM) subregions. For all other subregions, prevalence of these lesions was lower than the
aforementioned percentages.
Conclusion: MRI-detected cartilage damage and osteophytes are highly prevalent in the medial patel-
lofemoral and medial posterior tibiofemoral joints in radiographically normal knees in persons aged 50
e79.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.D. Hayashi, Quantitative Im-
, 820 Harrison Avenue, FGH
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s Research Society International. PIntroduction
Radiography is currently the most commonly used imaging
technique with which osteoarthritis patients are assessed in a
routine clinical setting1. Although magnetic resonance imaging
(MRI) has become a critical imaging tool for the purpose of osteo-
arthritis research2, its high cost, limited availability and the un-
known clinical relevance of MRI ﬁndings prevent its routine use in
clinical management of osteoarthritis patients1,3. Radiographyublished by Elsevier Ltd. All rights reserved.
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the thinning of articular cartilage by means of a loss of the tibio-
femoral joint space width4. However, our group recently reported
that MRI revealed a very high prevalence of MRI-detected osteo-
phytes and cartilage damage, amongst other osteoarthritis-related
pathological features, in the tibiofemoral joint of knees that were
radiographically normal regardless of the knee pain status3. This
study highlighted the limitation of radiography as an imaging tool
to depict key pathological features of osteoarthritis in the tibiofe-
moral joint. This study was, however, limited by the fact that it only
looked at the tibiofemoral joint, i.e., the patellofemoral joint
including the anterior non-weight-bearing portion of femur
(¼trochlea) was not assessed. The study was also limited, from the
imaging point of view, in that the outcome was dichotomized and
detailed analysis of severity of osteophytes and cartilage damage
was not performed. Moreover, prevalence of pathological features
was assessed on a ‘whole knee’ basis, without detailed analysis of
locations of the lesions within the knee.
Pathology involving the bone or cartilage in the posterior
portion of the femur is non-detectable on anteroposterior or
posteroanterior radiography, because the posterior parts of the
femur are superimposed. Assessment of the patellofemoral joint is
also not evaluable on posteroanterior views and should be per-
formed using the lateral and the ‘skyline view’ ﬁlms5. These parts
of the knee joint should not be forgotten in the assessment of
osteoarthritis, since patellofemoral joint osteoarthritis by itself or
in combination with tibiofemoral disease accounts for as many as
65% of persons with symptomatic knee osteoarthritis6. Impor-
tantly, the patellofemoral joint is more likely than the tibiofemoral
joint to result in knee osteoarthritis symptoms7, and isolated
patellofemoral osteoarthritis can lead to signiﬁcant functional
limitations7,8.
To the best of our knowledge, no study has reported detailed
anatomical location-based analysis of cartilage damage and
osteophytes using MRI in knees without evidence of radiographic
osteoarthritis. The aim of this study was to describe the preva-
lence of MRI-detected cartilage damage and osteophytes and their
severity in various locations within the tibiofemoral and the
patellofemoral joints in knees without radiographic evidence of
osteoarthritis. The ﬁndings of this study may help us understand
which part of knee joint would be most affected at an early stageFig. 1. Flow chart for(i.e., pre-radiographic stage) of knee osteoarthritis disease
process.
Materials and methods
Subjects
The Framingham Community cohort was recruited from the
Framingham, MA, census tract data for the year 2000 and random
digit telephone dialing, and all participants were examined be-
tween 2002 and 20059. Participants were not selected on the basis
of having knee or other joint problems, and potential participants
were not told that knees were a focus of the study. Institutional
Review Board approval from the Boston University Medical Center
and written informed consent from all participants were obtained
for the study.
Eligible participants were aged age 50e79 and ambulatory (the
use of assistive devices such as canes and walker was permitted),
with no plans to move out of the area for at least 5 years to
accommodate the possibility of follow-up9. We excluded those
with a history of bilateral total knee replacement, rheumatoid
arthritis, dementia, or terminal cancer and those who had contra-
indications to MRI3. Of 2582 people aged 50 or older and living in
Framingham who were contacted, 1830 expressed interest in
participating in the study. Of those, 39 were lost to contact, 194
were ineligible for the study, and 558 declined to participate.
Consequently, 1039 were examined, 993 underwent MRI, and 992
had readable scans (one knee per participant, right knee preferred,
left knee if right knee not available). Thus far, the selection process
is the same as our previous publication3. However, we did not take
into account lateral radiographs and the status of patellofemoral
joint in the previous study, and thus the ﬁnal number of subjects
that were included in the present study is different from our pre-
vious study. The detailed subject selection process is described
below and summarized in Fig. 1.
Knee radiography
Participants underwent weight-bearing posteroanterior radio-
graphs with the ﬁxed-ﬂexion protocol and lateral weight-bearing
radiographs of each knee10. One musculoskeletal radiologist (PA)subject inclusion.
D. Hayashi et al. / Osteoarthritis and Cartilage 22 (2014) 76e8378withmore than 10 years of experience reading study ﬁlms blinded to
the MRI ﬁndings and clinical data, evaluated the radiographs for the
presence of osteophytes and joint space narrowing. Because we
wanted to focus on knees that are radiographically ‘normal’, we
excluded 232 participants with radiographic knee osteoarthritis (i.e.,
presence of any osteophytes or joint space narrowing (¼Kellgren and
Lawrence grade 2orabove) for the tibiofemoral joint, andpresenceof
any osteophytes or joint space narrowing in the patellofemoral joint)
in either or both of these compartments. We also excluded 29 knees
withmissingMRI score for any feature. Of 731 kneeswith no deﬁnite
radiographic evidence of tibiofemoral and/or patellofemoral osteo-
arthritis, we further excluded 35 knees with possible osteophytic
lipping (¼equivocal ﬁnding that is equivalent to Kellgren and Law-
rence grade 1 for the tibiofemoral joint) on the radiograph. Thus, 696
knees with ‘normal’ radiographs (i.e., Kellgren and Lawrence grade
0 for the tibiofemoral joint and no evidence of any osteophytes or
joint space narrowing in the patellofemoral joint) were included. In
the previous publication, patellofemoral osteoarthritis was outside
the scope of study, and thus 710 subjects were included3.
MRI
All participants underwent 1.5 TMRI (Siemens Medical Systems,
Erlangen, Germany) using a phased array knee coil. Images were
acquired using the following pulse sequences: axial, sagittal and
coronal fat-suppressed proton density-weighted turbo spin echo
(repetition time 3610 ms, echo time 40 ms, slice thickness 3.5 mm,
interslice gap 0 mm, matrix 256  256, ﬁeld of view
140  140 mm2, echo train length 7) and sagittal T1-weighted spin
echo (repetition time 475 ms, echo time 24 ms, slice thickness
3.5 mm, interslice gap 0 mm, matrix 256  256, ﬁeld of view
140  140 mm2, echo train length 7) sequences.
MRIs were interpreted by two trained musculoskeletal radiolo-
gists (blinded for review) with 12 and 10 years of experience,
respectively, performing standardized semiquantitative MRI
assessment of knee osteoarthritis features. The two readersFig. 2. Subregions of the knee joint as deﬁned by WORMS. Subregional division of the kne
medial (M) and lateral (L) subregions in the axial plane. The patellar ridge is included in the
and subchondral cysts are based on these two subregions. Scoring of osteophytes was done a
and superior pole and inferior pole (using the sagittal image). The central illustration repres
the trochlea, a component of the patellofemoral joint. The central (C) and (P) posterior femo
tibia comprise the tibiofemoral joint. In the right illustration, which represents a coronal sli
tibia has a subspinous (S) subregion. In the present study, all but tibial S subregion was insemiquantitatively scored the severity of osteophytes and cartilage
damage using a validated method, the Whole Organ Magnetic
Resonance Imaging Score (WORMS)11. In WORMS, the knee joints
are subdivided into various subregions, as shown in Fig. 2. In the
present study, 14 subregions, excluding the tibial subspinous sub-
region,were included in the analysis. For osteophyte assessment,we
included two additional subregions which are not indicated in this
illustration: superior and inferior patellar subregions.
Cartilage signal and morphology were scored using an eight-
point scale (Fig. 3): 0 ¼ normal and thickness and signal;
1 ¼ normal thickness but increased signal on FS PD-weighted TSE
image; 2.0¼ partial-thickness focal defect<1 cm in greatest width;
2.5 ¼ full-thickness focal defect <1 cm in greatest width;
3 ¼ multiple areas of partial-thickness (grade 2.0) defects inter-
mixed with areas of normal thickness, or a grade 2.0 defect wider
than 1 cm but <75% of the subregion; 4 ¼ diffuse (75% of the
subregion) partial-thickness loss; 5 ¼ multiple areas of full-
thickness loss (grade 2.5) or a grade 2.5 lesion wider than 1 cm
but<75% of the subregion; 6¼ diffuse (75% of the subregion) full-
thickness loss. The presence of intrachondral signal alterations
(grade 1) alone is thought to occur before morphological cartilage
damage develops but is of unknown clinical signiﬁcance. It is
therefore not considered to represent ‘cartilage damage’11.
Osteophytes were scored using a 0e7 scale (0 ¼ none;
1 ¼ equivocal; 2 ¼ small; 3 ¼ smallemoderate; 4 ¼ moderate;
5 ¼ moderateelarge; 6 ¼ large; 7 ¼ very large) along 16 different
margins of the knee: anterior (a), central (c), and posterior (p)
margins of the medial and lateral femoral condyles and tibial pla-
teaus, as well as the medial (m), lateral (l), superior (s) and inferior
(i) margins of the patella (Fig. 4). Grade 2 or above lesions were
considered to represent ‘deﬁnite osteophytes’11.
Statistical analysis
The knee joint was divided into three regions: posterior femur
(comprising medial and lateral posterior femoral subregions),e joint as deﬁned by the WORMS system. The patella (left illustration) is divided into
medial compartment. Scoring of cartilage damage, bone marrow lesions, bone attrition,
t the four locations of the patella: medial edge and lateral edge (using the axial image),
ents a sagittal slice of the knee joint. The anterior femoral subregion (A) corresponds to
ral subregions, as well as the anterior (A), central (C) and posterior (P) subregions of the
ce, the tibiofemoral joint is divided into the lateral (L) and medial (M) subregions. The
cluded for analysis.
Fig. 3. Graphic representation of the semiquantitative grading of cartilage damage using the WORMS with actual examples of MRI. Cartilage signal and morphology were scored
using an eight-point scale: 0 ¼ normal and thickness and signal; 1 ¼ normal thickness but increased signal on FS PD-weighted TSE image; 2.0 ¼ partial-thickness focal defect <1 cm
in greatest width; 2.5 ¼ full-thickness focal defect <1 cm in greatest width; 3 ¼multiple areas of partial-thickness (grade 2.0) defects intermixed with areas of normal thickness, or
a grade 2.0 defect wider than 1 cm but <75% of the subregion; 4 ¼ diffuse (75% of the subregion) partial-thickness loss; 5 ¼ multiple areas of full-thickness loss (grade 2.5) or a
grade 2.5 lesion wider than 1 cm but <75% of the subregion; 6 ¼ diffuse (75% of the subregion) full-thickness loss.
D. Hayashi et al. / Osteoarthritis and Cartilage 22 (2014) 76e83 79patellofemoral joint (comprising medial and lateral anterior
femoral subregions, and all patellar subregions), and central
weight-bearing femur and tibia (comprising medial and lateral
central femoral subregions and all tibial subregions). Firstly, we
calculated the prevalence of osteophytes and cartilage damage on
MRI in each of the three regions, using dichotomous outcomes
(abnormality present if WORMS grade 2)11. Secondly, because
there is currently no concrete deﬁnition of what is ‘abnormal’ in
terms of MRI ﬁndings in the knee, and the use of different cut-off
points for the deﬁnition of ‘abnormality’ might produce different
results, we also used a more stringent deﬁnition of ‘abnormality’
detected by MRI, i.e., abnormalities were considered present if
WORMS grade 3. Thirdly, we described the distribution of all
grades of osteophytes and cartilage damage in each subregion (14
subregions for cartilage damage, and 16 subregions for osteo-
phytes). Intra-reader agreement (weighted kappa) for the semi-
quantitative radiographic scoring was 0.83. Inter-reader agreement
(weighted kappa) between observers for the detection of MRI
features 0.89 for cartilage damage and 0.73 for osteophytes.
Results
The mean (standard deviation, SD) age of the 696 participants
was 62.3 (8.4) years, and the mean (SD) body mass index was 27.9Fig. 4. Example of an osteophyte that was not visible on radiography but was on MRI. (a) No
bony margin appears smooth (arrow). (b) Coronal intermediate-weighted fat-suppressed i
femur. In (a), the osteophyte cannot be visualized because of overlapping normal bony ma(5.1) kg/m2. Women comprised 55.2% of the study sample (384/
696) and 93.1% (648/696) were White.
Among all subregions of all knees, the prevalence of cartilage
damage (grade2) was 3.8 % (53/1392) in the posterior femur, 9.1%
(506/5568) in the central weight-bearing femur and tibia, and
27.7% (772/2784) in the patellofemoral joint. When a more strin-
gent deﬁnition for abnormality (grade 3) was used, prevalence of
cartilage damage in all regions dropped notably (Table I). Preva-
lence of osteophytes (grade 2) was 39.5% (550/1392) in the pos-
terior femur, 5.0% (279/5568) in the central weight-bearing femur
and tibia, and 16.7% (698/4176) in the patellofemoral joint. When
the more stringent deﬁnition for abnormality (grade 3) was used,
prevalence of cartilage damage in all regions dropped to about 1/10
of the aforementioned values (Table I).
Among all knees, detailed subregional analyses revealed that
the prevalence per knee of cartilage damage (grade 2) was
present in 47.7% (332/696) in the medial patellar and 29.9% (208/
696) in patellar lateral (PL) subregions, and in 24.0% (167/696) in
femoral medial anterior (FMA) and 26.5% (184/696) in femoral
medial central (FMC) subregions. the presence of moderate to
severe cartilage loss (grade 4, 5 and 6) in all subregions in the
patellofemoral joint and most subregions in the tibiofemoral joint,
although in the latter the prevalence was no higher than 1.1%
(Table II). Grade 3 lesions were present in more than 10% of kneesobvious osteophyte is visualized at the margin of medial femur in this radiograph. The
mage clearly depicts a grade 4 osteophyte (arrow) at the margin of the medial distal
rgin of the distal femur.
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Table I
Prevalence of osteoarthritis features on MRI among knees with normal knee
radiograph (whole knee KL grade 0) in three regions of the kneex
Posterior femur* PF jointy Central weight-
bearing femur
and tibiaz
Prev. (%) n/N Prev. (%) n/N Prev. (%) n/N
Cartilage damage
Grade 2 3.8 53/1392 27.7 772/2784 9.1 506/5568
Grade 3 1.2 16/1392 18.1 503/2784 5.3 293/5568
Osteophyte
Grade 2 39.5 550/1392 16.7 698/4176 5.0 279/5568
Grade 3 4.2 59/1392 1.3 55/4176 0.3 17/5568
* ‘Posterior femur’ consists of themedial and lateral posterior femoral subregions.
y ‘PF joint’ consists of the following four subregions (medial patellar, lateral
patellar, medial anterior femoral, lateral anterior femoral) for assessment of carti-
lage damage. For osteophytes, 2 additional subregions (superior and inferior
patellar) are included.
z ‘Central weight-bearing femur and tibia’ includes all other eight subregions.
x The numbers in this table do not represent prevalence within knees but rather
prevalence among all subregions read in all knees.
D. Hayashi et al. / Osteoarthritis and Cartilage 22 (2014) 76e8380in the FMC (11.5%, 80/696) and tibial medial central (TMC) (10.9%,
76/696) subregions, as well as FMA (11.8%, 82/696), patellar medial
(PM) (18.2%, 127/696) and PL (13.8%, 96/696). The prevalence of
osteophytes (grade 2) was highest at 60.8% (423/696) in the
medial femoral posterior subregion, followed by 34.0% (237/696)
in PL and 24.6% (171/696) in PM subregions (Table III). Large
osteophytes (grade 3) were rarely seen, and grade 6 and 7 le-
sions were non-existent.
Discussion
We found that cartilage damage and osteophytes that are only
detectable by MRI are highly prevalent in the medial patella and
medial posterior femur, respectively, in radiographically normal
knees in persons aged 50e79. In addition, we described the prev-
alence of different grades of cartilage damage and osteophytes in
each subregion of the tibiofemoral and patellofemoral joints. To the
best of our knowledge, this is the ﬁrst study to report the detailed
MRI-based subregional analysis of knee osteoarthritis features in
radiographically normal knees using data from a population-based
epidemiological study. While our study may not offer a new diag-
nostic technique of osteoarthritis, ﬁndings of our study would help
osteoarthritis researchers to understand the disease mechanism of
early-stage knee osteoarthritis.
On radiography, it is not possible to assess the status of articular
cartilage in the posterior femur because there is no opposing tibia
with which to create the ‘joint space’ when the knee is extended or
slightly ﬂexed. Thus, we did expect to see some cartilage damage on
MRI in ‘normal’ knees on posteroanterior and lateral radiographs.
MRI-detected cartilage damage was indeed present in this location,
but the prevalence was very low (<3.8%) in both medial and lateral
subregions. This is likely due to the fact that this portion of cartilage
does not bear weight when the patient is standing, and thus is not
subjected to mechanical load. Prevalence of MRI-detected cartilage
damage in the subregions of the patellofemoral joint was higher in
the medial than in the lateral subregions overall. This is in accor-
dance with our current knowledge that patellofemoral cartilage
damage is more common in the medial compartment than the
lateral compartment12. However, it should be noted that WORMS
assigns the patellar apex to the medial compartment and this could
have inﬂated estimates of medial joint involvement11. Although
very rare, there were knees with severe cartilage loss (grade 5 and
6) despite normal radiographic appearance. Thus, the radiograph-
ically normal patellofemoral joints actually contain a spectrum of
knees that are truly normal and thosewith severe cartilage damage.
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only WORMS grade 4 cartilage damage will cause joint space
narrowing on posteroanterior radiographs, provided that the
meniscus is intact11,13. Because hyaline cartilage is radiolucent,
radiography cannot detect any grade 2, 2.5 or 3 cartilage damage
due to the fact that such cartilage still has full-thickness portions
and thus radiographic joint space loss should not occur in the
absence of meniscal extrusion. These mild to moderate cartilage
lesions were seen in just over 10% of knees in the FMC, and TMC
subregions, i.e., the subregions that bear the most mechanical load.
Rarely (about <1%), severe cartilage damage (grade 4, 5 and 6)
which should have resulted in joint space narrowing on radiog-
raphy was present. The reason for this is unclear, but it could have
been affected by positioning/angulation of the knee14.
In the femoral medial posterior (FMP) subregion, the prevalence
ofMRI-detected osteophyteswas very high, exceeding 50%. OnMRI,
both axial and sagittal planes are used for detection of osteo-
phytes11. However, on radiograph, it is not possible to obtain ‘axial’
view of the posterior femur, and this is likely to be the cause for
such notable discordance between radiographic and MRI ﬁndings.
It should be noted that there is also discordance between high
prevalence of MRI-detected osteophytes and low prevalence of
MRI-detected cartilage damage in this location, despite the fact that
both are considered to be a result of ageing/degenerative process.
This phenomenon is indicative that osteophytes form before
occurrence of cartilage damage, but a longitudinal study is needed
to conﬁrm if radiographically normal knees with MRI-detected
osteophytes without cartilage damage develop cartilage damage
at a later time point. However, this observation is in accordance
with our current understanding of osteoarthritis disease course: in
Kellgren and Lawrence grading of knee osteoarthritis severity, the
presence of osteophytes is assigned a grade 2, while the presence of
cartilage damage, in the form of joint space narrowing, is assigned a
grade 315.
In contrast, the central weight-bearing portion of the femur and
tibia should be fully evaluable on posteroanterior radiograph.
Despite this, up to 8.6% of knees had small but deﬁnite (grade 2)
MRI-detectable osteophytes in the subregions within this part of
the knee, demonstrating the lower sensitivity of radiography
compared to MRI16.
This study utilized the fact that MRI can visualize osteoarthritic
features that radiography fails to detect. A recent 14-year popula-
tion-based cohort study showed that the annual cumulative inci-
dence of radiographic knee OAwas only 2.3% between baseline and
year 15, and the annual rates of disease progression and worsening
between the same time interval were 2.8% and 3.0%, respectively17.
The study concluded incidence or progression of knee osteoar-
thritis was rare over 14 years. However, in reality, it is possible that
some knees were having MRI-detectable changes in cartilage or
osteophytes but were missed completely because of limited
sensitivity of radiography compared to MRI for detection of carti-
lage damage and osteophytes, especially in the medial posterior
femur and the patellofemoral joint.
In the present study, patellofemoral joint could bemeaningfully
assessed on the lateral radiographs only. A lack of a skyline view,
which would have effectively simulated ‘axial view’ of the patella
and detection of osteophytes located in the medial and lateral
patellar margins, may have resulted in missing some osteophytes
in a portion of knees from our study population, and might explain
the reason for relatively higher prevalence of MRI-detected
osteophytes in the medial and lateral patellar margins compared
to that in the superior and inferior patellar margins. In regard to
the radiographic assessment of patellofemoral joint space nar-
rowing, the literature evidence shows that the lateral view is less
reproducible5 and less speciﬁc18 than the skyline view, but offers
D. Hayashi et al. / Osteoarthritis and Cartilage 22 (2014) 76e8382similar sensitivity18 when arthroscopic ﬁndings of cartilage dam-
age were used as a reference. Thus, it is unclear how a lack of
skyline view affected our study for joint space width assessment.
Another limitation is a lack of arthroscopic conﬁrmation of the
cartilage damage. Because the Framingham Osteoarthritis Study
was an epidemiological observational study, surgical examination/
interventionwas not part of the study protocol, and thus we do not
have arthroscopic ﬁndings. This means the MRI-detected cartilage
damage can potentially be false positive. Conversely, false negative
MRI ﬁndings are possible as small superﬁcial defects may be
missed in comparison to direct visual assessment. The use of 1.5 T
system in our study can be considered as a potential limitation.
Using higher ﬁeld strength magnet might potentially show even
more early pathology, especially in regard to discrete cartilage
surface damage, but we do not believe that the results would have
been markedly altered. As a previous study has shown that the use
of 1.0 T MRI system is comparable to that of 1.5 T system for im-
aging of OA features19, we assume the same for 3 T vs 1.5 T. Indeed,
one study showed there was no statistically signiﬁcant difference
in detection of cartilage lesions between 1.5 T and 3.0 T systems
when proton density-weighted sequence, the sequence we used in
this study, was used20. Finally, only a single reader evaluated the
radiographs in our study and inter-reader reliability could not be
assessed. However, the reader was highly experienced in evalu-
ating knee radiographs and did demonstrate excellent intra-reader
reliability.
In conclusion, about half of radiographically normal knees have
various severity of MRI-detected cartilage damage in the medial
patella and osteophytes in the medial posterior femur in persons
aged 50e79. In the whole knee joint, pre-radiographic osteoar-
thritic changes are more commonly seen in the medial compart-
ment than the lateral compartment. To the best of our knowledge,
no prior studies have reported the detailed MRI-based subregional
analysis of knee osteoarthritis features in radiographically normal
knees. Findings from this population-based epidemiological study
will help osteoarthritis researchers to understand the disease
mechanism of early-stage knee osteoarthritis.
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